R egardless of the reperfusion strategy, a shorter time from symptom onset to reperfusion in patients presenting with ST-segment elevation myocardial infarction (MI) reduces morbidity and mortality. [1] [2] [3] [4] [5] [6] Primary percutaneous coronary intervention is superior to thrombolytic therapy when performed expeditiously in high-volume centres. [7] [8] [9] [10] [11] [12] [13] Despite evidence that primary percutaneous coronary intervention is beneficial to patients transferred from regional hospitals, delays in various aspects of the transfer process may eliminate this advantage. 7, 8, [14] [15] [16] A "door-to-balloon time" (time from arrival in the emergency department to coronary blood flow) of less than 90 minutes is recommended by the American College of Cardiology and American Heart Association 17 and by the Canadian Cardiovascular Society Working Group. 18 However, achieving this standard has remained elusive in most cases. 19, 20 We postulated that the introduction of an expedited prehospital diagnosis and transfer pathway for patients with STsegment elevation MI in a large Canadian urban centre would lead to successful treatment within the recommended doorto-balloon time. We sought, first, to determine the effect of implementation of the pathway on the delays in transferring patients from within city limits to the interventional site for primary percutaneous coronary intervention and, second, to assess the impact of the pathway on patient outcomes.
Methods
Consecutive patients with ST-segment elevation MI who received treatment with primary percutaneous coronary intervention between June 1, 2004 , and Oct. 1, 2005 (n = 569) were considered for this study. June 1, 2004 , marked the full-time implementation of an expedited pre-hospital diagnosis and transfer pathway. We included patients who met the following criteria: they had symptoms of MI and presented within 12 hours after symptom onset; they were within the boundaries of the city of Calgary; they contacted Emergency Medical Services (EMS) for medical attention; and they had an ST-segment elevation of greater than 1-2 mm in 2 consecutive leads or a left bundle branch block on the presenting electrocardiogram (ECG). We excluded patients who did not enter the transfer pathway using the EMS system (n = 199). We also excluded patients who activated the EMS but who were not enrolled in the pathway (n = 12); these 12 patients comprised 4 whose ST-segment elevation developed in the emergency department, 6 who had intermittent pain and ECG changes, and 2 who had atypical presentations. The final study cohort comprised 358 patients. The study, follow-up and reporting of data were approved by the Conjoint Ethics Review Board of the University of Calgary. Background: A shorter time from symptom onset to reperfusion is associated with improved outcomes for patients with ST-segment elevation myocardial infarction (MI). Primary percutaneous coronary intervention is a favourable method of reperfusion if performed effectively and expeditiously. We sought to evaluate the impact of an expedited pre-hospital diagnosis and transfer pathway developed by a multidisciplinary team on the door-to-balloon time in a large urban community.
Methods:
We included all patients with ST-segment elevation MI who presented within 12 hours after symptom onset and who sought medical attention through Emergency Medical Services within the boundaries of the city of Calgary in the 16 months following the introduction of the pathway in June 2004. The primary aim was to determine the proportion of patients who received percutaneous coronary intervention within the recommended door-to-balloon time of 90 minutes.
Results:
The 358 patients (268 men) in the study cohort had a mean age of 63.2 (standard deviation 12.7) years; 140 (39.1%) had an anterior MI; and 23 (6.4%) had cardiogenic shock. The introduction of the pathway resulted in a median door-to-balloon time of 62 (interquartile range 45-84) minutes. A door-to-balloon time within 60 minutes and within the currently recommended 90 minutes was achieved in 48.9% and 78.8% of the patients respectively. The in-hospital and 30-day mortality rates were both 3.1%.
Interpretation:
In a community with multiple regional hospitals and a single facility for percutaneous coronary intervention, the implementation of a multidisciplinary prehospital diagnosis and transfer pathway was feasible and resulted in most patients in the study cohort receiving primary percutaneous coronary intervention within the recommended door-to-balloon time of 90 minutes.
The Foothills Interventional Cardiology Service is situated at the Foothills Medical Centre, which has 768 acute care beds. The Cardiology Service is a high-volume interventional group, with 9 interventional cardiologists. Collectively the group performs on average 2400 percutaneous coronary interventions annually, 400 of which are primary. Calgary, with a population of about 960 000 during the study period, has 2 noninterventional hospitals involved in adult cardiology care: the Peter Lougheed Centre (513 acute care beds) and the Rockyview General Hospital (507 acute care beds).
Diabetes was defined as a pre-existing fasting glucose level of more than 7 mmol/L, use of diabetic drugs or a new diagnosis of diabetes during the hospital stay. Hypertension was similarly determined on the basis of patients' self-reported data or use of antihypertensive medications. Cardiogenic shock was defined as blood pressure lower than 90 mm Hg with signs of tissue hypoperfusion in the setting of a filling pressure greater than 18 mm Hg (assessed by left ventricular end-diastolic pressure). Patients with cardiogenic shock were prescribed an inotropic agent in hospital.
For the planning of the transfer pathway, a multidisciplinary task force consisting of EMS personnel, catheterization laboratory and coronary care unit personnel, emergency physicians, quality-improvement pesonnel and cardiologists (interventional and noninterventional) was established to develop a comprehensive management model for patients with STsegment elevation MI.
In order to refine the pre-hospital diagnosis and transfer pathway, it was introduced in 3 phases. During phase 1 (Jan. 1- May 31, 2004 ) the pathway was activated between 0700 and 1700 on weekdays. It consisted of rapid assessment by the EMS team, including onsite 12-lead ECG recording and interpretation, and an early alert and transfer of the patient to the nearest emergency department. Upon confirmation of the diagnosis by the emergency physician in the ambulance bay, the patient was transferred directly to the catheterization laboratory at the Foothills Medical Centre. Phase 2 (June 1-Sept. 30, 2004 ) consisted of the same protocol executed 24 hours a day, 7 days a week.
Phase 3 ( Fig. 1 ), representing the current process, involved an onsite 12-lead ECG, which was then electronically transmitted to a central interpretation station located at the emergency department of the Foothills Medical Centre. The presence of ST-segment elevation was confirmed by the emergency physician, who then contacted the interventional cardiologist on call. This change allowed all patients with ECG changes suggestive of ST-segment elevation MI to be directly transferred by the EMS team from the scene to the interventional site at the Foothills Medical Centre.
Quality improvement of the transfer pathway was done on an ongoing basis. When door-to-balloon times were outside of the current recommendation, the process was evaluated and feedback given to care providers for education. Moving forward, data will be evaluated quarterly to determine whether further refinements are required in the various stages of the triage system.
Our primary outcome measure was door-to-balloon time in minutes. The following definitions for various time cut-points were obtained from standardized EMS documentation:
Pain to EMS: Time from patient-reported onset of sustained symptoms to arrival of EMS team. The time of the EMS call was not available, but the mean interval between EMS call to arrival is 5-10 minutes in Calgary.
EMS to emergency department: Time from arrival of EMS team on site to arrival at nearest emergency department. This represented the nearest hospital before Oct. 1, 2004 , and the Foothills Medical Centre after Oct. 1, 2004 .
Emergency department to catheterization laboratory: Time from arrival at nearest emergency department (regional hospital or Foothills Medical Centre) to arrival at catheterization laboratory.
Catheterization laboratory to flow: Time from arrival at the catheterization laboratory to coronary blood flow. Blood flow was considered present when TIMI (thrombolysis in MI) grade 2-3 flow was observed angiographically after the lesion was crossed with the guide wire, at first balloon inflation or when flow started spontaneously.
Door-to-balloon: The sum of the times for "emergency department to catheterization laboratory" and "catheterization laboratory to flow." EMS to flow: Time from arrival of EMS team on site to coronary blood flow at catheterization laboratory.
We also monitored length of hospital stay and major inhospital cardiac events, including death, reinfarction (defined as recurrent ischemic chest pain associated with new ST-segment elevation and re-elevation of cardiac enzyme levels to more than 2 times that at baseline), stroke, and major bleeding (defined as intracranial hemorrhage or bleeding causing hemodynamic compromise or blood transfusion, or both).
Data collection was prospective and standardized. A fulltime data manager collected information daily on all patients with ST-segment elevation MI. Standard demographic data were also obtained. The time intervals were evaluated from EMS records and catheterization laboratory logs and entered into a case report form. Information pertaining to the procedure was obtained from the catheterization laboratory record, and the chart and laboratory work were reviewed daily for complications. Patients were telephoned at 1 month and 1 year for outcomes. Vital statistic and ancillary information was coordinated through the Alberta Provincial Project for Outcomes Assessment in Coronary Heart Disease (APPROACH). The data were then entered into a secure database for subsequent analysis.
Continuous variables were expressed as mean (with standard deviation [SD] ) and median (with interquartile range) values. Categorical data were expressed as counts and percentages. Correlational analysis (Pearson correlation) or unpaired Student t testing was done to compare baseline clinical characteristics with door-to-balloon time (emergency department to flow). Because there were no univariable predictors of the outcome intervals, multivariable analysis was not undertaken. Because plotting of the time interval data revealed skewing to the right, values are generally reported as medians, although means are also reported. Statistical significance was considered if a 2-sided p value was less than 0.05.
Results
The mean age of the 358 patients was 63 (SD 13) years, and 74.9% were men (Table 1) . Cardiogenic shock on presentation was present in 23 (6.4%). The most common cardiac risk factor was hypertension, which was seen in 156 (43.6%). segments were treated, with stents placed in 346 (96.6%) of the patients. Peri-procedural events included no reflow (n = 27), intra-aortic balloon pump insertion (n = 39), temporary pacemaker insertion (n = 13), defibrillation for ventricular arrhythmias (n = 16) and access-site complications (n = 3). All but 3 patients experienced an MI on the basis of a rise in the cardiac troponin T level to greater than 0.1 μg/L. Median and mean times for the various intervals from symptom onset are shown in Table 2 . The median time from EMS assessment to arrival at the emergency department (regional hospital or Foothills Medical Centre) was 35 (interquartile range 27-42) minutes. The median door-toballoon time was 62 (interquartile range 45-84) minutes, with the time from arrival at the emergency department to arrival at the catheterization laboratory accounting for 32 minutes of this interval. The median total ischemic time, from symptom onset to coronary blood flow, was 163 (interquartile range 125-232) minutes. The median time from arrival of the EMS team on site to coronary blood flow was 97 (interquartile range 76-124) minutes. Fig. 2 shows the proportion of patients in whom coronary flow was achieved at various cut-points for door-to-balloon times. A door-to-balloon time of less than 90 minutes was achieved in 282 (78.8%) of the patients, and of less than 60 minutes in 175 (48.9%). The time from arrival of the EMS team to coronary flow was less than 90 minutes for 146 (40.8%) of the patients. No significant relation was found between any of the baseline characteristics and door-toballoon times.
Major adverse cardiac events were few (Table 3) . Reinfarction, repeat revascularization, stroke, and major bleeding events occurred in less than 1% of the study cohort. The inhospital and 30-day mortality were both 3.1% (all of the deaths occurred in hospital), and the majority of deaths (7/11) occurred in patients who presented with cardiogenic shock.
Interpretation
For patients with ST-segment elevation MI receiving primary percutaneous coronary intervention, the introduction of a multidisciplinary pre-hospital diagnosis and transfer pathway resulted in a median door-to-balloon time of 62 (interquartile range 45-84) minutes. The recommended door-to-balloon time of less than 90 minutes was achieved in a higher proportion of patients (79%) than has been previously reported. These results suggest that achieving reperfusion within the time recommended in recent national guidelines is feasible in major urban Canadian centres with a single interventional facility. Compared with our historical and early data from the first 2 phases of the pathway implementation, the majority of the time compression in phase 3 was achieved by shortening the interval from EMS arrival to catheterization laboratory. This was accomplished without a significant increase in the time the paramedics spent in the field making the diagnosis. Pre-hospital diagnosis and triage was key to the success of the results reported.
Current enthusiasm for primary percutaneous coronary intervention as the preferred method of reperfusion in patients with ST-segment elevation MI stems from a growing body of literature indicating the potential superiority of this strategy, even when it is necessary to transfer the patient from a regional hospital to a site with a catheterization laboratory. 8, 10, 12, 13, [21] [22] [23] Unfortunately, primary percutaneous coronary intervention is achieved within the recommended time in few patients. 19, 20, 24 The implementation of various multidisciplinary pathways to facilitate patient transfer for this procedure has been described recently. 20, [25] [26] [27] [28] Protocols used by top hospitals in the United States that have achieved rapid door-to-balloon times are similar in key features to the cur- rent pathway we have described. 29 More recent registry and clinical trial data would suggest that reperfusion times might be improving. 30, 31 Our findings show that the establishment of a team to manage ST-segment elevation MI enhances prehospital diagnosis and facilitates the transfer of patients directly to the catheterization laboratory, as has recently been reported. 30 The concern that ECGs transmitted from the field might delay paramedic time onsite is unjustified. The use of onsite ECGs should be the standard of pre-hospital acute MI care to further reduce total ischemic times. [32] [33] [34] [35] [36] This can be done safely and accurately.
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Our study should be interpreted in context of the following limitations. This study was not a randomized comparison between 2 approaches. However, all eligible patients with a firm suspected diagnosis of MI, including ill subjects with cardiogenic shock, were included in the analysis. In addition, we did not evaluate the use of other reperfusion strategies. Third, the transfer of patients during phase 3 directly to the interventional site, bypassing a regional hospital, will automatically reduce the door-to-balloon times. However, this is the benchmark interval upon which recommendations are made. Our median time from arrival of the EMS team to coronary blood flow was 97 minutes, which is better than that reported in most studies. Ultimately, as cases of ST-segment elevation MI are diagnosed more frequently in the field, the new standard will be diagnosis-to-flow time of less than 90 minutes.
Our findings suggest that the implementation of a multidisciplinary pre-hospital diagnosis and transfer pathway in a large urban centre with a single interventional facility is feasible and can result in most patients with ST-segment elevation MI receiving primary percutaneous coronary intervention within the recommended door-to-balloon time of 90 minutes. With the initiation of regional centres for the treatment of ST-segment elevation MI, the majority of Canadians with this condition would have direct access to percutaneous coronary intervention or alternative treatment approaches. Health care professionals treating ST-segment elevation MI should be encouraged to work together at a regional level to develop programs such as the one reported here. This article has been peer reviewed.
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